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The work 02 this project has been carried ou t  a t  the Solid S t a t e  Fiesea-ch 
L&o;.atory of the Harshaw Charical Cornsany, a t  22LO ,?respect Avenue, Cle?relad, 
Ofiio. Project direct ion has been provided by IJz. F. A. Shirlana. Xr. T. A. 
Gr i f f in  has acted as the Project Sugervisixig Engineer and Trincipl  
Investigator. 
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The”fo1lowing personnel have contributed t o .  the work of t h i s  Contract 
and charged time approximately as indicated during the period June thru 
August, 1962. 

Naxe 4 Duties s o w s  

P 

F. A .  Jhirland 
T. A. Gr i f f in  ;. C. Schaefer 

2. :C. Olmsted 
a. F&.:s 
3. S z p a s k i  
E. l i i l l  iams 
T. Orseno 
A. Tanos  

?ro jec  c Direc cion 97’% 

Chexicz.1 Eq-ineer- 
Arrays Fabric a t  i on 97$- 
Ph;rsicis:-Design and Testing 367 
A b . V . ~ ~ ~ \ -  -L~A.-A L L ‘ A  u v apvi Q v i G f  - I &  
Tecbx-iiG ia-krray Fabrication i t 7  
Technic Lay-C ell Fabrication 203; 
Ted-nic i a - F  i2n &rap oraGion 1572 
Technizian-ZeU Fabrication 1425 

3x1 jecL Supervision 2 4 i 2  

-.-”- ..---: - r *  m -.’.-: : +. ~ . - t -* -  

TOTAL l m  

It is estimated “that the pro:ect i s  475 conplete as of  August 31, 1962. 
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This report covers the f b s t  -three months of work on a six :aon,h r e seuch  
a d  devclopnent contract on CdS thin f2n phoJuovoltaic ce l l s  spnsored b j j  iAe 
Lewis Laboratory o f  NASA with Dr, >.nd;-cw E. Potter acting as contract monitor. 
This  work i s  par t  o f  a conthuing proJcct, much o f  which has been sponsored 
bj the U.S. A i r  Force under several contracts, and reported separatePj.(1,2,3) 

requiring more detailed study than had been possible previously. 

evagorzted front  wall film cell; the ohmicity of zhe contact between the 
eva2orated CdS film and various metsllic f o i l  substrates;  and the o?ti.nization 
of vacuum evaporation conditions used t o  deposit the Cd; fFLm. 
progress i n  each of these areas i s  reported. 

I n  t h i s  work, e f for t s  have been concentrated in several specif ic  areas 
These 

areas inaude:  the collector contzct t o  the b m i e r  region of the C G  . f  

X??reciable 

4 

D u i n g  the f irst  half of t h i s  c s n x a c t  8 s t m c k d  process l i i ie f o r  
nb;.:iqg Cdj f ront  id.1 solar  c e l l s  ::a merated. 
line 20 evaluate advances. 
s tmding of and a t i gh te r  control o f  the ;?ararieters involved in  the process. 
The expense o f  operating t h i s  l i n e  vas shared by the USiiF and NASA, since 
both are  supporting research involirinc work on the CdS f ront  wall f i l n  ce l l .  
There 'tiere about 150 evaporated f i h  c d l s  fcwica ted  on t h i s  p i l o t  l i n e  
&ring the f irst  shree months. X f x r  h e  ce-_s were fzbricated ana teszec 
they xere used f o r  other zests e.<. l i ' e  ;es;s ,  iaiyixation e q e r k e n t s ,  e tc .  
Feriodically, glass r ea r  w a l l  cell:: xeze a l r -o  fabricated on this l i n e  t o  
furnish a continuous measure o f  f r x t  -. E1 cc11 I;erfoImr,nce as cozgzed t o  
the r ea r  wall o2era:ion. ;"ne 150 i d  :--c: :;all fiLT c e l l s  f&,-lcatec! on 
;he p i l o t  l i n e  in t h i s  peyiod averr?ged J.?G in conversion eff ic ierxy iihen 
tes ted i n  equivalent t e r r e s w i a l  sunli, i ? ~ .  
had been obtaiied p r e v i o ~ s l y  and - h e  rcasm f o r  t h i s  is  believer, a t  l e a s t  
p a r t i a l l y  a t c r ibuxb le  t o  <he higi,er hicrzidity p.-evalent in the szmer  m n t h s .  
There has been a def in i te  correlation be-aeen re la t ive  humidi-q b- the lab- 
oraLory and average c e l l  efficiency. 

This l*e zmviderl  a 5ase 
It, z l s o  FrsTided <wA ~ ? p ~ t , ~ i t y  t o  g;ain XA ixlde-- 

- -  

This w a s  sonlevhat lover t%an 

These ce l l s  xere a l l  contacted wiLh a grid ?at tern of conaucLl-re s i l ve r  
paint  applied by hand with a rul inz pen. This  method of contac?;in; i s  known 
t o  y ie ld c e l l s  with appreciable i i i ternd ser ias  resistance, 'arid x~ich o f  t h i s  
resistance has been suspected t o  be t he  sneec resistance of the j a r r i e r  layer 
which the s i l ve r  paint  s t r ipes  do mt . inixise .  
o f  this contract was ?lamed f o r  the study of  th i s  se r ies  resistance m.6 
iiidicated steps t o  reduce it. 
L? :a al;erna%e method o f  contacti;;,: t l -e  ce l l s  which a?;3ea:*s 3o ;"el5 c e l l  
eff ic iencies  nore than double Lhat h iLined  by the older method. 
is  described l a t e r  in t h i s  re2ort .  

d maior portion o f  the e f f o r t  

This s t x Q  was successful and has resd.:ed 

'=:;is mr.i 

I- 

- -_  
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A t  the in i t i a t ion  of t h i s  contract ,  2 nex izirjley vzcuum eva?o,-zto,- was 
T?iis equipment has arrived, and has been insr;alled &id tooled f o r  0;-dered. 

o?eration. 
orations and other experhents  that  can be performed. 

This evapra to r  w i l l  increase Lhe number and var ie ty  of  eva?- 

A new type of filament has been installed,  tha t  i s  calculated t o  reduce 
?L? holes and splattering. 
C o n p n y  of Long Beach, Califormia. 
SiO, and is  designed s o  tha t  the vaporized material eniers a chinirey through 
snal l  h6les i n  the side of  the chimey. 
g e t  Lkrough the small holes, then make a 90° turn before they muld s t r i k e  
the substrate and cause pLn holes ir, Lhe film. 
the Li9hgenent o f  these small uvaporized par t ic les  on -&e su3stra:e. 

This i s  a tantalum f i laqent  s o l d  by Allen-Joces 
It was develo2ed for the  evapoFation o f  

Thus par t ic les  would have t o  firs5 

This effect ively .;reven;s 

3one work i s  planned for e-Jaluation o f  the substrate heater. ?reser,tl,y, 
the substrates are  heated by radiazio.: f r o m  a molybden-m stri? r e s i s t a x e  
heater. 
a l s o  be used t o  su?ply its own heat by pass ing  current through it. 3esis- 
t a c e  heating may provide a more uniform heating of  the substrate,  a d  be 
more readi ly  and accurately controlled. 

Since the substrate i s  a lso  xolybdeiium it is  feas ib le  tha2  it can 

:&en r;he CdS polycrystalline f i l z  c e l l  was f i rs t  reduced t o  >Tactice it  
was found tha t  f a i r l y  thick filns, on ihc order o f  50 t o  100 .xicrons, were 
required. 
have -lo be l a i d  down on substrates th-i c h s c l j j  natcnei CdS i? t h e m a l  
eqans ion  ?ro?ertles, or the  f i L - 1 2  wouid :%-<e o f f  the suSstrate when cmled 
t o  r3on iiexperature a f t e r  e v a ~ o ~ ~ ~ l o n .  
were made on ?flex glass  substra:es, a d .  the f i r s t  f ront  uall f i h  ce l l s  
were made on mowdenw, substratzz - b3th xz-,eri&ls rcatchjng C& f a i r l y  
c l o s e l j  in thermal expansion coefficient. 

It w a s  believed t h a t  e-xiporated f-Lm of  such thicrcness r;ould 

7 :cor ;his reason, the f i r s t  fih. ce l l s  

sowever, as +r7; o f  an ear l ie r  &.% su-qorted prograrr., it was found 
%hat other metzls could successFi1y be x e t  as substra3es f o r  C d S  vacuw. 
evagorated f ibas - a t  l e a s t  under sone condi;ions. It appared  tha; t he  
major fac tor  was tha t  the metal o-? t he  substrates, if it  did not n a x h  CdS 
in thermal eqans ion  coefficient,  xust be s o f t  o r  ductFle s o  that i; could 
not exert excessive s t resses  on tke Cd3 film when a ten;x.atG:re chage  
occurred. T a r t  or' the scheduled e f f o r ;  of Lhis contract i s  GS inves'uigzte 
various met& f o i l s  as Cdj fih cel l  a l te rna te  substrate zz i e r i a l s .  Silver 
and zinc have been studied in t h i s  pe r iod  a d  compared wlth no1;rbdcfiu.m. 

Si lver  f o i l  .000511 thick was not 11sable by the p e s e n t  cechiques.  
C G  fi7m approxhately .002" thictc were mde  on .OW;'l s a y e r  and. tke 53.2 
crac,*.ec off of the substrate. Hox'ever, . 0 O l f 1  thick s i l v e r  was sa;Lsi'acto,m~r. 
C e l l s  ;;ere yade on .OO1'l Ag foil t ha t  liere 1.7 and 1.3:"o €?,A ,~ieri;. 
reasons for this qlparent anDmoly are :lot clear,  though I: i s  ~ o s : x , e  
tkt, sone tc:;nerjng of "the thinner .i;axriaf may  Pave bccn p-eser.:, 37 ;hat 

E P ;  .' e-., +..e .- - 
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soze ~ r o r k  hudening occurred L? 9ncecsing the . O O O ~ T l  $fiic;i f o i l .  Good c e L s  
were tils0 mde on .001" thick zinc substrates.  

F o r  the naior i ty  of c e l l s  made 011 :iolybdcnun in t h i s  2eriod .0OZ1' 
nol;+den~~-? was used. Hmever, .001" Lick :nd$idencL;n can be csea, b l  ;hoc:;;h 
i: requires :ore careful h a n d l a ,  anu does give some occasional trouble 
with curling. Generally in this case, bet ter  resu l t s  are obtained r;hen the 
CdS fiLn thickness i s  a l s o  reduced. 

These z h e e  substrate mater ids  were selccted to  be usea firsL. FiLis 
that  1:ave been 2:-ociuced on then are Delxg used f o r  measurements of ;he ohr.icity 

Sn, v i l l  a l s o  be used, after I t  i s  d e x x h e d  how t o  make the best  con;rict 
LO the C G .  
between the Cdj film and the substrate in order to  e f f ec t  a good ohiic contact 
t o  some of  these metals. 

Sexeen :he CdS and the ;b:o, Ag & Zn. G:her m t a l s  such as Xu, Cu, d, X ,  . ?  

I t  nay7 ?,-we necessary t o  ilse a th in  inter-layer of In o r  Cd 

4 

Saxe work has been done aid ncre xi11 be dmc canparing t he  di'feren; 
s-uface ?re;iarations of these substraLa3. Far Lmtaice, chenical e ;til arid 
san&l~..stLrl, kzve been ased 32 a l l  5lre . j  o f  the cbove mentioned n e x l s .  ;.E 
ever, CheniciL etch seems su?e?ior since iu gives z clean surface. Ymever, 
szndo1z;lng seems t o  2roduce ce l l s  with l e s s  tendency t o  cur l .  Sarrdklastiq 
nay aid by prc-stressing sone of tLe ,i-Ln.ner substrates,  but it a i s 9  ceforz!! 
t h e  t h i rmer  soft metals very greatly - ;;rtfc~la,.;ly the .cOQstt c:l-.-e=. ~2' : -  

s sra+,es. 

Thus, the key I,O higher i;atcs $e=. sourid by l i g h t e r  vei,nt cons ,ruc;ior- 
seem io  be the successful 'we of k i x 3 r  Cd5 fans. .:.- firs:, ve:*.- tkic,: 
C& f l h s ,  i n  the rmge of .OO3 t o  .Ot I5 ' '  were needed because ti;inner fi1;r.s 
g a e  excessive shortin, betxeen t h i  bti_.rier region ana ,he s u b s x a x ,  with 
consequmt 1m.r s h u t  r e s i s t ame  ol" the c e l l s ,  A s  imlrot-ea -Tacum e-Ja?ora';ion 
?rocedwes, and inyro-fed nethods of clamin,- the subs t r z t e s  were de-feloyed, 
the C G  f i l m  thickness was snccessTui.1,- :.eciuced t o  ;nst  under .0C12'1, Occa- 
sionally, film tiiicknesses of .OOi'I have given good ce l l s ,  but t h i s  has been 
ai ezcqAuLx. rabher than :he rule .  ?a--t of  tiiis s tudy  tiierefora i s  2irec:ea 
tor;&xis c?e;ex,hing the factors wtich x w l d  permit the use  o f  thianzr C d  
evqorateci f i lms 

-3 -  
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2 , ~ z > ~ ~ y ~ - ~ y  ,;lab ikis would  prodace z. mttcir su-uctured f i l x  sirice t h ~  
Le: ; . J I V J _ j ~ l  1 * , ~ ~ t 3  m u i d  be redncea viiiic h e  ~ i r : ~  =er-,ai-lca the 5 x . e .  i..e 
n:$;cr >abs,l-a,,e ,er;peratL-e voula d i m  more o f  an amealin, affcc,, -,riih 
p o s s i b l y  l m p r  ;rain growth. 
s1AsbA-;ite tesiperature in steps betrrccn 1,OO"C and 29OoC. 
the  f i lm ranged fron .OOl tT  to .002". L i t t l e  difference Ln t he  c e l l s  made 
f r o n  ;hese films was apparent. They were a l l  on .002" molybdenum. The c e l l s  
a d  :iiei,- pro,erties are l i s t e d  on Tab13 I. Crdinarily, Cd; f i l m  as t h h  
2s . O O l g l  o r  l e s s  have displayed ?oar c h u t  character is t ics  whai fabricated 
inbo  ce l l s .  merefore, it l o o k s  8s if chhner  f i lm can be used if tney 
are :-.aae a t  elevated substrate t c q x r n t u c s .  If both tne substra;e a d  the 
C i t j  
?el* souiid'can be grea;ly inc,-easea. 

. .  r ,  

. .  
iz series of f i l i r 5  rrere r a i e  by va;+yii;.,- ;he 

The t h i c h s s s  o f  

thickness can be reduced w h i l e  n a i n t a i n m  c e l l  efficiency, the xat ts  . .. 

c 

c 

. .  W i n g  the period iust ? r i o r  LD LI;? I,ecLniiL= of 55s  CozeYrac: i L  was 
found %at, a zuch iq roved  collector contact cmld  be made to 2& 5 w n t  WE 
fi?~ c e l l s  by la.L?ating a f ine  mesh-. ,,<;ea ;ne?;allic gr id  in place of the 
hand-ruled csnductive s i lver  pint grid. 
obtaifiee Iron the 3uchbee-ilears Co-~an:, of 2:. Paul, I:irmeso5s. They zre 

a f i n e  network pat tern such as is  i l l u s t r a t ed  in  Figure  1. 
available i n  a var ie ty  of  metals an6 s p c i n g s  of the gr id  1Fnes. 

These mesh-shqed grids rrere 

",p I"y-7. 2b-L; ~&~~~~~~ -"9,L:s ' 2;' ~ v ~ k . ~ ~ . ~  7'35; Gr' l l l C 2 U d  ;edJk& O r L J '  

They are  

The r e su l t  o f  this ir;pro;red cor,;act xas 2 iowerizg of se r ies  rcsistzrice 
and an irrprovemnt in the sha?e of ;he I-iJ c k r a c t e r i s t i c  curve, as i s  shorm 
in r'igure 2. Thus, c e l l  efficiencies i,:mz .-.;re 2m-1 dou'aled in mosv cases. 

_ _  . .  ',.'bile the jnizial ,  wot-:: zfi L i l i L  co,,ecu3r electrode xas done on a sepx=ate 
Lir Force Contract, con tbuackn  ol thL3 -.;xi -.-2: carried out on t he  ?resen: 
conbracr, mc ati,erC>-,s ;;ere maae :o ; e k _ n : - b e  c;c+;rbentally t h e  ef fec t  of 
dFfferen: xesh geoxetries and differe:i t  grid r-azei-lals. 

In  order 50 determire the o?~i~.:ni -.ezk size,  zn at texpt  was xade t o  
masure ;he sheet resistance of Szrr ler .  The problem was zo elLiinate 
;he effecr, o f  the conducting layer o f  ::zJl;.bdenm ZIC n-tme Cdj in ;he 
measurements. The electrica', t e s t  c l r c i i t  used f o r  t h i r  neasuremen; i s  
shown in Figure 3. 
b u y i e r s  was about 1000 o b s  per ;qua=.e. 
the equivalent c i r cu i t  o f  a distributzc serie: resiztance c e l i  hvoiyfes  a 
non- i inez  different ia l  equation, ~-~:ac~: 3T the 2roblen was nsde by an 
e,Tiricii l  method. 
Xnoxing ;his, m o?timun electrode spaciri.2 covCLd be calculated f o r  
collecto=. electrode. A t  t h i s  o?ti:*m ;he decrease in ser ies  r e s i s t a c e  
ob;izined by moving the col lector  s t r i x s  closer together a id  adding ti s t r i > e  
m i L d  :,e i ~ i l a c e c  by a l o s s  i n  OU,-~L: due 50 "he cecreaze in :.c7;LI - G A b ~  

covereu by the extra stri l le.  
of 1052 aL.,s per square, 20 l i n e s p e r  inch s1:o.il.d give ;!.e o2tL.:;. ;1ni; 
syjxiq. 

Tie average sh.-et ; * i s i s t a c e  as memured on a nmbe=. or' 
3incc :ha zat1,exm~icsl s3lu;ion of  

The average v a l u ~  o f  sheet 2esistance was ae;err.ked. 
s i ze  

c -9- 

It ULS determined tl;:.t f o r  a sk;tc;, :-;;is;tice 

Ai ",he t l r m  t h i s  contrac-, was iniviatec,  t x o  Ilg meshes xe re  3:. i;E;nc. 

-4- 



X23 .0011" 
2L4 . 0010 
25 .0011 

x20 . o m  
21 .001g 
22 .0018 

x26 .0018 
27 .0018 

Am- * . L'L' IY f 9 
- 4  

x23 .0018 
31 .0020 

28OoC - 
22oOc 

150°c 

lO0OC 

.1;2v h6 ria 16.1m2 .6% 

.46 , 6 2  16.1 .8 . L3 55 * 16.1 .6 

7 .4s 61 16.1 . I  

.116 72 16.1 .8 

* L5 60 16.1 .7 . k3 5? L5.L ." .u * 6 2  16.1 .7 

. L7 67 15.1 .8 

. L6 7.5 16.1 .9 

b6 65 16.3 .8 

L 

-5 - 



c 

P 

r 

,- 

c 7 
c 

-\ 

1 

- .  





P 

c 

i- 

L 

\ r 

i"; 
I 

Ib = Current through barrier l ayer  

I, = Current through molybdenum substrete 

'Jb = Voltage across Sar r i e r  layer 

Vr = Voltage across current measuring,resistor 

Necessary condition Vb>7 Vr 



Oze had 70 lines per b c h  and a t.=xm-.ission of 915. 
?e:* 'illcll and a branmission of 725. 
em;: t s e ,  and the c e l l s  were con?arsd. 
'..?ille there i s  a?Freciable scat ter  o f  the data, the 70 l i nes  per i-rch gr id  
dDes ap1)ea.y t o  give a def ini te ly  higher c e l l  efficiency. 

:-_nother had 2c'O i t y e s  
:'eve;al cel ls  were fabricated ez$oyhg 

The data are  presented in Table 11. 

If the calculations determining the optimun gr id  s2acing were based on 
the correct sheet resistance, then the efficiency of the 280 lines per iiich 
should have been poorer than the efficiency of  the 70 l i n e  per inch group. 
This was found t o  be the case, on the average, e.ren though one c e l l  with 
the 280 l h e  per inch gr id  had the highest efficiency. 

less trimmission. Measurements of  sheet resistance were made on several 
films. The c k c u i t  was the same as t h a t  described in Figure 3, previously. 
It was found tha t  more than the i n i t i a l  sheet resistance of  the bar r ie r  w a s  
involved. There appeared t o  be changes in the bar r ie r  sheet reststance due 
t o  suSsequent trea+aent. Therefore, the steps in the process were sep ra i ed .  
The measurements were made i n  air, in vacuuin, over desiccant,in vacuw. with 
heat, under pressure as experienced i n  lamination, and with p l a s t i c  l a d a t e d  
t o  the surface. Table I11 shows the resu l t s  o f  this ser ies  of measuexents. 
There was a large increase i n  sheet resistance when p la s t i c  was allowed t o  
f l o w  under pressure against the barr ier  region. 
increases in sheet resistance under the other conditions, &act17 what was 
o c c ; u ~ l n g  i s  not yet clear,  s i m e  the above data were not suf f ic ien t  LO i j k  
do>m the  fac tors  involved. Perhay,.: Y-9  q 7 - c - i ~  --a, --.. 5:: ;-.-- huAa"u* +'-- 3iild.L i s l ~ d s  
of  the barr ie r  region, 
vhat is  hap2ening and how it affects c e l l  contacting. - 

"his higher average 
efficieqcy is reasonable considering the f a c t  that the f i n e r  gr id  had 19," * P  

There was o n l y  s l igh t  

Xore data ,irsi 3; collected in order t o  es tabl ish 

There i s  a p s s i b i l i t y  t ha t  Lhe various s izes  of s i l v e r  mesh do not 
laninate the same under identical  concitions, and a l s o  tha t  d i f fe ren t  metals 
night a c t  d i f fe ren t ly  under the conditions of larriination. 
the best  conductor, other ne ta l  neshes including copper, gold and nickel were 
available, s o  theywere a l s o  t r ied .  
than the  s i l ve r  and some .my nice oe t ie r  o h i c  contact t o  the barr ier .  Table 
IY lists some of these tes t s .  

i-Shile s - l v e r  i s  

S m e  of  these are  nuch more econoinical 

The Fndicaied conclusion fro:; these d a x  i s  :ha-c c=1 and N i  a re  r ,ot  
sa t i s fac tory  materials f o r  collectors, aqd ;hat Au i s  as good, o r  be t te r ,  
t h m  Ag, 
all or" these netals  should make a good contact -LO the  CdS barr ie r .  Thus, 
t h i s  t e s t  does not make much sense m l e s s  sone other factor cane -in t o  
play with the Cu and N i  meshes. 
the nylon inter layer  between the rresh and the !<el-F. If the screer, got t o o  
warm during the  lamination, there is a poss ib i l i t y  k h a t  it might floa-c away 
from the surface u;3 i n t o  the nylon and give a raA&er high contact r e s i s t ame .  
The I-V curves of  the c e l l s  with Cu col lector  looked as i f  they haci a poor 
contact a t  the collector, t ha t  is, they displayed high ser ies  resistance.  

aev ious  eqe r i ence  iJizh C& s h g l e  c rys ta l  c e l l s  indicztes t ha t  

Cne such possible fac tor  might a r i s e  frox 

In order t o  eliminate such a p s s i b i l i t y  of flotring plas-Lic a t e s t  
s e t  u? ;<as made t o  duplicate the laninhtion conditions, but rritfiout :he heaL. 
;. chczber w a s  2rovided with a window. The metal mesh w a s  placed below the 
win do:^, then the c e l l  below tha t .  A diaphram under the cell hac a i r  presswe 
a??lied i o  it. This pushed the ce l l  against the nesh. Tido leads, (one t c  
the mesh and one t o  the molybdenm) were used t o  lead Lie ?over out -&en 
l i g h t  was allowed to  enter through the window. Table V shows ths r e su l t  
of Cu and Ag meshes tes ted in t h i s  manner. Tie C u  mesh col lector  w a s  much 
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8 Cell Characteristics . .* 
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b e t t e r  than when lam-iated. The l o u e r  e 
i u s  due t o  a higher se r ies  resistance. 
s i l v e r  i s  a be t t e r  conductor, o r  j u s t  due t o  the f a c t  that  the Cu i s  not 
as sof t  as the s i l ve r  and therefore d i d  not conform t o  the bar r ie r  surface 
as w e l l  as the Ag. 

ziency when coxpared with s i l ve r  
This may be inherent i n  the Cu, since 

Because o f  the success o f  th is  t e s t ,  a piece of t e s t  equipment will be 
b u i l t  tha t  w i l l  more closely duplicate the lanination. 
films t o  be tested without the necessity of being lamiriated o r  hand striped. 
They can then be stored, and matched as they a re  needed f o r  arrays. 
t e s t  set up is presently being designed and w i l l  be fabricated.  U s h g  th i s  
t e s t  eq?ipment, much time can be saved since a permanent col lector  w i l l  not 
have t o  be nut on each c e l l  before it is  tested.  
seam t o  c m p r e  the various metals and mesh sizes.  
a goa l  t o  s t r i ve  f o r  i n  the lamhat ion of each mesh. 
since it now s e e i i  that each mesh laxinates differently.  

This w i l l  enable 

This 

. 
It should supply a ready 

T h i s  w i l l  a l s o  yield 
This is verj  i n p o r t a n t  

OHIQC COYTACT3 

The l a s t  phase wor..ed on this  Ti:-st period was the c a i c i t y  33 the 
contact of C c S  wikh  various metals CrLzt night be used as substrates.  
si ' 3 e g L ~ i h g  xas made on &this testing. 

O n l y  
'The resu l t s  s o  far  a re  preliztzarq-. 

In  attempting t o  detect  nonlineiwities in the contact between the 
rnolybdenun: substrates and the evaporated cadxium sulf ide film, indiuii-mercury 
cmtac t s  were used. ndium nakes a good contact t o  N-type CdS according t o  
several  investigators i 4, and corroborated ir, this laboratory. 

On one s w l e ,  a very low-voltage nonlinearity was noticed. It .may nave 
been due i o  tunneling between the In-II; and the CdS, o r  it m y  have 3een 
c a s e d  by the test equipment. A t  a hizher -ColLage, 0.1 vol ts  p-to-?, Lhe 
I-V t r ace  appeared f a i r l y  l i nea r .  A t  0.2 vsl%s peak t o  peak, a curvature 
was noticed in the foniard p z n t  ol the I - V  Grace. 
some curvature appeared in  the llrmersc" direction. These n o n l i n e z i t i e s  
could have been associated wLzh the  Xo-CG contact. Because the CdS film 
eva?orated onto molybdenum may have unlcpe ?roperties, it cannot be cer ta in  
t h a t  the In-Hg makes an ohmlc coniac-c ;o the film. 

A t  0.8 vol ts  p-to-?, 

There are a number of possible ways to determine whether or not the 
resis tance of the In-Hg-CdS contact i s  linear. 
a p m t i o n  of the CdS f i lm f r o m  the molybdenum and agply two In-Hg coatacts. 
This tlrill be a t t q t e d  using a method employed in electron microscopy using 
~W.ctawetl* o r  B2O3 between the CdS and molybdenum, and ni t rocel lulose against 
the surface t o  f r ee  the f i l m  f r o m  the molYbdenum without cracking it. 

One w a y  would be t o  remove 

Another possible way t o  get  m indication of the behavior or" :he In- 
Iig cont&ct on evaporated C d S  films is t o  compare tests on ce l l s  xiA different  
substrates.  .?reliminary t e s t s  showed that  the I-V cumes of  c e l l s  3n 
molybdenum begin t o  curve first i n  the forward direction, as indicated above 
( tha t  is, when the In-Hg electrode is  gosi t ive) .  On s i l v e r  substpates, the 
Lend a?pears a t  the other end of the I-V curve (when the In-Eg electrode is  
negative). Gn a zinc substrate,  the I-V curve seems to be linear. 



It xas suggested that if two  In-Hg electrodes were applied t o  the CdS 
r"iLx, one a t  the edge and one very close t o  it, then the conductivity of  the 
molybdenum substrate might not effec; the evaluation of In-Hg elecaodes.  

THUS : 

e In-Hg 

CdS 

4 1 

Another poss ib i l i t y  i s  t o  use C& films that have been evaporated on non- 
conducting glass substrates. 
next period. 

Xore work will be done a long  these l i n e s  i n  the 

The question w a s  raised as t o  whaL informa-,ion the I-V curve gives on 
the contact of the CdS filn: with L i i e  substrate.  
assuned tha t  the shape of the curve s t m s  fro.? one non-linear junction. 
in  order t o  ge t  some experience TtjlYAT . .  tke behavior of more than one non- 
l h e a r  junction in ser ies ,  variou: comSir-ations o f  CdS Zilm ce l l s  and single 
c rys ta l  ce l l s ,  a long  with a sil icon pho;ovo';aic c e l l  were tes ted.  The 
resu l t s  suggest t ha t  the change of the value o f  the reverse'breakdorm voltsge 
in the C d S  f i lm c e l l s  might a r i s e  from the presence of LWO non-1Fnear photo- 
vol ta ic  junctions within the cell. 

?reviously, it has been 

The p i l o t  l i n e  w i l l  be continued, with improved meLhods of con?;acting. 

The new eva;;orator w i l l  be plcced i n  service. ?"ne new filament w i l l  be 
of a :me LO ?educe s;>lattering, and :;*erefore i o  reduce phholes .  

Cells srill be made f rom thinner zcbsmhtes  and thinner Cd3 f i lm.  

Atterpts w i l l  be made t o  optimize the contact between the C d 5  a d  metal 
sabstrzte, usLqg the W o r m a t i o n  gained fron; 2.e ohiicli,y t e s t s  Gei:iS rrade. 

. .  
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The opti,..u;n col lecior  available will be selected and laminatea on f i l m  
b u r l e r s  . 

Several other metal  substrates, such as Xu, Cd, Sn & Ta, w i l l  be used and 
tesced f o r  ohmicity. 
s$udied, e.g., nechanical clean- vs. chemical etch. 

The surface preparation o f  these substrates w i l l  be 

D u r i n g  t h i s  period the best substrate material and the best  col lector  
will be used to  fabr icate  the arrays required f o r  delivery to the conbract 
moni tor .  

8 . 

4 

. 
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